Background: According to recent reports, reduced weekend staffing in hospitals may lead to a lower intensity of management of patients with acute conditions such as acute myocardial infarction (AMI). The present study evaluated differences in the case fatality rate of Korean patients admitted with AMI on weekdays vs those admitted on weekends.
lthough acute myocardial infarction (AMI) is a disease with a relatively high case fatality rate, appropriate and well-timed medical interventions can effectively its reduce mortality and disability. 1-3 Much of the effort to reduce the high case fatality rate has focused on invasive diagnostic and therapeutic interventions. 1 Assessing the variation in invasive diagnostic and therapeutic interventions is a basic and essential task in improving medical quality and the outcomes in the management of AMI, and many relevant studies have been reported. 1,4-10 Recent studies have also addressed variations in the intensity of invasive diagnostic and therapeutic interventions associated with weekday vs weekend admissions; 11-15 some studies have found that admission on weekends is associated with higher case fatality rate of AMI. 11, 12 Hospitals typically operate with reduced staffing on weekends and according to some researchers, this results in a shortage of available expertise on site and is likely to lead to a lower use of invasive cardiac procedures, which may have a grave effect on outcomes for patients with acute conditions such as AMI. 11, 16 In the present study we evaluated differences in case fatality rates for patients admitted with AMI on weekdays or weekends in Korea and assessed whether such differences were caused by differences between weekday and weekend use of medical or invasive management.
Methods

Data Source and Study Population
Study data were collected from the Korea National Health Insurance (KNHI) Claims Database of the Health Insurance Review and Assessment Service for the period 2003 to 2007. In the KNHI system, a physician is required to submit a claim showing medical services and prescriptions provided to the patient. The Health Insurance Review and Assessment Service compares the information from physicians and pharmacies to prevent fraudulent claims for medications. The review process consists of an indicator review and a close review. The indicator review assesses the unit prices and usage/indications of the provided services by item and disease group, using a computerized check-up process. If the Fatal AMI on Weekdays vs Weekends review results of a case are within the range of the appropriate claim pattern, the entire claim review process for the case is completed. The close review is an extension of the indicator review that is limited to cases with problematic claim patterns, such as relatively high medical costs, longer inpatient days, and longer days on medication. The KNHI covers 49 million Koreans, resulting in health care claims databases that exceed the capabilities of many computer systems. 17 The study population included 97,466 patients who were admitted to a hospital in Korea from 2003 to 2007 with AMI (Code I21 of the International Classification of Disease, 10 th revision; ICD-10) as a primary disease and for whom this was the first time with this diagnosis in their lifetime. Each patient was followed up in the claims database for information about treatments after admission or death.
Study Variables
The primary outcome variable of this study was the 30-day fatality rate, defined as the proportion of AMI patients who died during 30 days of follow-up after admission against the number of diagnosed cases of the disease. 3, 11 The primary independent variable was admissions on weekdays vs on weekends: a weekend refers to Saturday and Sunday, excluding Friday night. If a statutory or national holiday occurred on a weekday, however, it was counted as a weekend. 13, 18 To assess whether differences in the case fatality rate of patients admitted on weekdays or on weekends were associated with differences in the rate of performing invasive or medical management, we investigated which procedures were undergone by AMI patients after admission. Next, we calculated the time between admission and each procedure. Medical management variables included aspirin, thrombolytic drugs (tissue plasminogen activator (t-PA), urokinase, streptokinase, limaprost, and tenecteplase), β-blockers, cholesterol-lowering drugs (statins, fibrates etc), total cholesterol measurements, and ECG. Invasive management variables were coronary angiography (CAG), cardiac catheterization, percutaneous coronary intervention (PCI), and coronary artery bypass graft (CABG). 11 These medical or invasive management variables are the principal variables that affect the case fatality rate of AMI patients. [11] [12] [13] [14] [15] Covariates consisted of demographic (age, sex) and severity variables, the latter including length of stay (days), the presence or absence of coexisting conditions (including diabetes, hypertension, chronic obstructive pulmonary disease, chronic liver disease, chronic renal disease, cerebrovascular disease, anemia, and cancer), and the presence or absence of complications. Complications were subdivided into mechanical complications and arrhythmic complications. Mechanical complications, primarily referring to left ventricular dysfunction, included congestive heart failure, left heart failure, cardiomegaly, rupture of the papillary muscle, rupture of the chordae tendineae, acquired cardiac septal defects, and cardiogenic shock. Arrhythmic complications (ie, electrical instability) included cardiac dysrhythmias, atrioventricular blocks, and other conduction disorders. 1,11
Statistical Analyses
We performed t-tests and chi-square tests to evaluate differences in demographic characteristics, severity, the provision HONG JS et al.
or non-provision of medical or invasive management, and the time from admission to management between patients admitted on weekdays and those admitted on weekends. Differences in the rates of performing medical or invasive management and in the case fatality rate were evaluated with a multiple logistic regression model. For the performance rate, we adjusted for age, sex (male, female), length of stay (days), presence or absence of coexisting conditions, and presence or absence of complications. For the case fatality rate, medical or invasive management variables were also adjusted; 
Results
Characteristics of the Patients
No significant difference in the patients' baseline characteristics were found for admission on weekdays or weekends, although patients admitted on weekdays stayed in hospital for slightly longer (10.2 vs 9.9 days, P=0.047) and were more likely to have hypertension as a coexisting condition (25.7% vs 24.8%, P=0.006; Table 1 ).
Medical Management
Among the medical management variables, aspirin, βblockers, cholesterol-lowering drugs, and total cholesterol measurements were less commonly prescribed or performed forpatients admitted on weekends compared with weekdays ( Table 2) . After adjusting for age, sex, length of stay, coex-isting conditions, and complications, aspirin was less likely to be prescribed for patients admitted on weekends; this was true for treatment both on the day of admission (odds ratio (OR) 0.91; 95% confidence interval (CI) 0.88-0.95) and within 30 days of admission (OR 0.92; 95%CI 0.89-0.95). Similar outcomes were found for the use of β-blockers, cholesterol-lowering drugs, and total cholesterol measurements. However, thrombolytic drugs and ECG were more commonly provided to patients admitted on weekends than on weekdays. After adjusting for age, sex, length of stay, coexisting conditions, and complications, thrombolytic drugs were more likely to be prescribed for weekend than for weekday patients on the day of admission (OR 1.43; 95%CI 1.33-1.52) and within 30 days of admission (OR 1.42; 95%CI 1.33-1.52). ECG showed a similar outcome.
Among patients who received medical therapy within 30 days of admission, no significant difference was observed in mean days from admission to the provision of medical management between patients admitted on weekdays and on weekends for most medical management variables. Compared with the whole period examined, the proportion of prescrip- 
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tions or examinations on the day of admission was 99% for aspirin, 98% for total cholesterol examinations and ECG, 95% for β-blockers and thrombolytic drugs, and 93% for cholesterol-lowering drugs, regardless of the admission day.
Invasive Management
The proportions of patients admitted on weekends who underwent CAG, PCI or CABG were lower than were those of patients admitted on weekdays ( Table 3) . When adjusted for age, sex, length of stay, coexisting conditions, and complications, the odds for CAG to be performed were lower for patients admitted on weekends than on weekdays: 0.86 (95%CI 0.83-0.88) for treatment on the day of admission and 0.87 (95%CI 0.84-0.89) for treatment within 30 days of admission. Similar results were observed for the performance of PCI and CABG. In contrast, cardiac catheterization was performed more frequently in patients admitted on weekends than in those admitted on weekdays. When adjusted for age, sex, length of stay, coexisting conditions, and complications, the odds for cardiac catheterization on the day of admission and within 30 days of admission were increased among patients admitted on weekends compared with weekdays (on the day of admission: OR 1.15, 95%CI 1.10-1.21; within 30 days of admission: OR 1.15, 95%CI 1.10-1.20).
Among patients who underwent an invasive procedure within 30 days of admission, no significant difference was found in mean days from admission to the invasive procedure between patients admitted on weekdays and on weekends; 95% of all CAG and PCI cases and 87% of total cardiac catheterizations were performed on the day of admission. However, for CABG, the performance rate was as low as 62% on the day of admission.
Case Fatality Rate
The rate of death within 30 days of admission was higher among patients admitted on weekends (20.1%) than among those admitted on weekdays (17.3%; Table 4 ). When adjusted for age, sex, length of stay, coexisting conditions, and complications, the odds for death because of AMI within 30 days of admission was significantly higher for patients admitted on weekends (OR 1.21, 95%CI 1.16-1.26). The higher odds for death was still significant for patients admitted on weekends after additional adjustment for medical therapy on the day of admission and within 30 days of admission, although the statistical significance was reduced (on the day of admission: OR 1.14, 95%CI 1.09-1.19; within 30 days of admission: OR 1.14, 95%CI 1.09-1.19). However, when additionally adjusted for invasive procedures on the day of admission and within 30 days of admission, the odds for death were insignificantly different between patients admitted on weekdays and those admitted on weekends (on the day of admission: OR 1.05, 95%CI 0.99-1.10; within 30 days of admission: OR 1.05, 95%CI 0.99-1.11).
Discussion
Clinical Implications
Increased case fatality rates in Korean patients admitted with AMI on weekends have been discussed in terms of 2 possible factors: decreased quality of health care, especially a shortage of expertise on site on weekends, and/or higher severity of disease in patients admitted on weekends than on weekdays. 18, 19 Bell and Redelmeier in 2001 13 and Cram et al in 2004 20 reported that the case fatality risk of AMI was higher in patients admitted on weekends than in those admitted on weekdays, as it was in this current study. However, in the earlier studies, the differences in the case fatality rate became statistically insignificant after adjusting for age, sex, and severity of AMI. 13,20 Therefore, according to those earlier studies, the differences in the case fatality risk between patients admitted on weekdays and on weekends were influenced by differences in baseline characteristics and severity of disease.
Our findings, however, differ on this point, as the case fatality rate remained higher in patients admitted on week- Fatal AMI on Weekdays vs Weekends ends even after adjusting for the baseline characteristics of the patients and the severity of AMI. In our study, differences in case fatality rate were the result of factors other than differences in baseline characteristics and severity of disease.
Our study also found that both medical management (aspirin, β-blockers, cholesterol-lowering drugs, total cholesterol examination) and invasive management (CAG, PCI, CABG) on the day of admission and up to 30 days after admission were lower in patients admitted on weekends than in those admitted on weekdays. Such differences were still apparent after adjusting for demographic characteristics (age, sex) and severity of illness (length of stay, coexisting conditions, complications). The case fatality rate was not significantly different between patients admitted on weekdays and those admitted on weekends after adjusting for medical and invasive management, suggesting that the case fatality rate was influenced by the performance or non-performance of medical and invasive management, not by differences in the general characteristics of patients or severity of disease. Less frequent performance of medical or invasive management on the day of admission for patients admitted on weekends was particularly associated with increased case fatality rate, which indicates the importance of timely treatment of patients admitted with AMI at the onset of symptoms.
According to earlier studies, administering aspirin promptly after a suspected AMI reduces the case fatality rate so significantly that its effects can be seen for 10 years, 21, 22 and administering a β-blocker to MI patients at the onset of symptoms also significantly reduces case fatality and morbidity risks. 23 Recommending that cholesterol be measured within 24 h of admission of a patient with AMI, the American Heart Association reported that administering cholesterol-lowering drugs at the onset of symptoms lowered the case fatality risk. [24] [25] [26] Many observational studies and randomized trials have shown a survival benefit in patients who undergo invasive cardiac procedures, such as PCI or CABG, 27-32 and Kostis et al suggest that the increased 30-day case fatality rate of weekend admissions may be related in part to a lower rate of invasive intervention. 11 Quaas et al reported that CAG was 25% as likely to be used in patients admitted on weekends vs those admitted on weekdays. 33 Soumerai et al report that the use of thrombolytic therapy increases the case fatality risk among some patients, and they proposed more rigorous guidelines for the use of thrombolytic drugs, such as streptokinase or t-PA. 34 In our study, thrombolytic drugs were more commonly prescribed to patients admitted on weekends than to those admitted on weekdays, but on this issue, however, a further study is required to explore how thrombolytic therapy affects the case fatality rate of patients admitted on weekends.
Study Limitations
A major limitation of this study is that some baseline characteristics were not measured and may have affected the case fatality rate as confounders. First, the location and type of AMI were not designated. To designate location (anterior, inferior, lateral, other site) and type (Q-wave vs non Q-wave infarction), it is necessary to have IC-10 diagnosis codes consisting of at least 4 digits. However, 10.7% of the total study populations (n=10,385) had claims with only a 3-digit code, 'I21'. A possible explanation for using the 3-digit code is that physicians may not have determined the location or type of AMI at the time of diagnosis. Also, medical institutions may simply have omitted the 4th digit because using the 3-digit code is acceptable in KNHI claims. Despite this coding issue, the distributions of I21, Q-wave (I21.0, I21.1, I21.2 and I21.3), non-Q-wave (I21.4), and unspecified (I21.9) were not different between patients admitted on weekdays and on weekends (P=0.188). Further, when multiple logistic regression analysis was conducted after 10,385 cases claimed as I21 (ICD-10) were excluded from the study population and the type of AMI was newly added to the variables, the new outcomes did not differ from the existing outcomes. Thus, we suggest that the type of AMI had little effect on differences in the case fatality rate between patients admitted on weekdays and those admitted on weekends. Second, the time from the onset of symptoms to presentation, infarct size, and hemodynamic status at presentation could not be identified from the database. 11 Third, socioeconomic factors, such as the experience of the physician and the income or education of the patient, were not included in the final model. 18 An additional limitation is the validation of the diagnosis of AMI. This study used the KNHI Claims Database, which is designed for cost claim issues, not research. Thus, the validation of diagnoses may be problematic. However, when the Korea Centers for Disease Control and Prevention and the Health Insurance Review and Assessment Service jointly investigated medical records for some claim samples in which AMI (ICD-10: I21) was diagnosed as a primary disease, AMI was confirmed in 93.9% of the samples. 35 Another limitation concerns the requirement that this event be the first diagnosis of AMI in the patient's lifetime. Because computerized claims were first stored in the Korea National Health Insurance Claims Database in 1995, diagnoses before 1995 could not be examined.
Study Advantages
Despite these limitations, this study has some advantages. First, we analyzed all national insurance patients who had been admitted with an AMI as the primary disease from 2003 to 2007. Second, we investigated medical or invasive management after admission of AMI patients and included detailed information on medications (aspirin, thrombolytic drugs, β-blockers, cholesterol-lowering drugs) and examinations (total cholesterol measurements, ECG) in our analysis. Although some earlier studies also investigated invasive cardiac procedures after admission of patients with AMI, they did not analyze detailed information on medications or examinations. 11,13,15 Third, each year's statutory or public holidays were counted as weekends. When a statutory or public holiday occurs on a weekday, hospitals typically operate under the same conditions as on Saturdays and Sundays. Thus, it is reasonable to count these holidays as weekends. 13, 18 Conclusions Throughout this study, we found differences in the 30-day case fatality rate between patients admitted on weekdays and those admitted on weekends. Such differences were not affected by differences in patients' baseline characteristics or severity of disease, but rather by differences in medical services. Providing less medical or invasive management on the day of admission was particularly associated with a higher case fatality rate in patients admitted with AMI on weekends. A Korean study using birth data in 1999 similarly reported that perinatal mortality was higher on weekends than on weekdays. 18 Thus, appropriate levels of staffing and facilities on weekends are required to reduce deaths among patients admitted during weekends.
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